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Title: IMPROVED CELL CULTURE MEDIUM
[Technical Field of the Invention]

This invention relates to the general field of biotechnclogy, particularly the
cultivation of cells and their use for the production of polypeptides at industrial
scale.

The present invention provides cell culture media with high content of choline
chioride which allows cuitivation of cells with high cell viabiiities over a prolonged
pericd of time. The cell cullure media according to the present invention further
aliow obtaining high polypeptide productivities and/or improved product quality
when used for the production of a polypeplide by recombinant expression of
polypeptides using CHO cell culture systems, in particular at industrial scale.

[Technical Background of the Invention]

The preparation of polypeptides using recombinant technology has developed into
a standard procedure during the last couple of decades. The access to
recombinant polypeptides by cloning the genes encoding the respective
polypeptide followed by subsequent transformation of suitable expression hosts
with the gene {0 be expressed and final production and purification of the obtained
recombinant polypeptide product has provided access to a whole new class of
biologiceally designed and produced therapeutics.

Pharmaceutically active compounds have been prepared in increasing numbers in
the pharmaceutical industry using recombinant DNA technology followed by
production processes developed in the field of bicengineering.

Such biclogical products include monoclonal antibodies, which have been

deveioped info important treatment options in various medical fields including
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autoimmune diseases, inflammatory disorders, immunosuppression, oncology or
the like.

Development of such therapeutics of biological origin requires production at
industrial scale thereby providing access o large amounts of recombinant
polypeptide. Preferred expression systems are mammalian cell cultures which are
superior {o most other eukaryotic systems based on insect cells, yeast or the like,
or even traditional prokaryotic expression systems.

However, mammalian cell culture includes tremendous challenges especially at
the industrial scale. Production facilities for mammaiian cell culture require
thorough optimization of many process conditions.

One of the most important process parameters for controlling the overal
production process is the medium in which cells are grown; Suitable cell culture
media must provide cell cultures with all necessary nufrients, which is especially
difficult if no components of animal origin like serum or proteins, e.g. growth
factors, are added to the media.

Further, mammalian cell cultures require particular supplement components at
different stages of the polypeptide production process. Accordingly, cell culture
media must provide the necessary substrates during a) initial growth and
protiferation of the host cells at lower densities; b) subsequent culfivation of celis to
high densities; ¢} the actual process of polypeptide formation in the cultured cefis.

The overall process for the production of recombinant polypeptide preferably
comprises an expansion phase and a production phase. During expansion phase
the host cells are cultivated to high densities by using a growth medium in order to
maximize subseguent polypeplide production later on. During production phase
the actual formation of the desired polypeptide in large amounts is achieved by
use of a production medium. In order to mest the specific metabolic requirements

of the cells in each phase of the overall polypeptide production process, different
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media compositions have been designed for expansion and production phase
respectively. For instance, production media often confain higher amounts of
amino acids than growth media.

Accordingly, considerable efforts have been taken in the past o develop cell
cuiture media with special emphasis on their use for large scale production of
polypeptides. Nevertheless, continuous improvernent of cell culture media is still
an important goal in order to further maximize polypeptide production in terms of
product quality and quantitative yields.

Many componenis of cell cullure media have been investigated in the past in
terms of their role for polypeptide production. Possible targets are inorganic salls,

aming acids, sources of carbon like glucose, or vitamins.

For instance, it has been demonstrated that supplementation of compourds like
vitamning, choline chioride or amino acids can increase viability and productivity of
cells cultivated under protein-free conditions (Kim do Y ef. al., Cytotechnology
2005, 47, 37-49).

Choline chioride is a standard component of cell culture media which serves as a
phospholipid precursor for the cells. After being taken up and being processed by
the celis, it ends up, besides phosphatidylethanclamine and phosphatidylinositol
as one of the major phospholipids in cell membranes called phosphatidyl choline.

Commonly used cell culture media like D-MEM (Dulbecco’s Madified Eagle
Medium) and D-MEM/F-12 have been widely used for the growth of a wide range
of mammatian cell fines. These media include amounts of choline chioride of
4 mg/l and 8.88 myg/L, respectively.

Other commercially available media like Ham's F-12 (commercially available from
BioConcept) and MEM (commercially available form HyClone) also comprise low
amounts of choline chloride of 13.88 mg/l. and 56 mg/l., respectively.
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LS 6,180,401 discloses an improved method for producing a polypeptide in animal
cell cuiture. One objective is to increase the final product conceniration. Several
parameters are modified in order {o maximize product yield in the production
phase including glucose concentration, osmolality and glutamine conceniration.
US 6,180,401 discloses cell culture media, which have a content of choline
chloride of 50.86 mg/L.

US 5,122,469 discloses a culture medium for propagating various mammaiian cell
hines, in particular Chinese hamster ovary cells (CHO), and allows the cultivation of
celis at high densities as monolayers or in suspension suitable for small and large
scale propagation of mammalian celis. One further advantage 18 an enhanced
yield of product. The medium is a chemically defined culiure medium containing
elevated levels of certain amino acids. The content of choline chloride is
50.86 mg/L. |

Only very few media with high content of choline c¢hloride are known in the prior
art. Waymgotth has described a cell culture medium, which can be used for the
culture of the mouse 1929 fibroblast connective tissue cell line (C. Waymouth, .
Nat}. Cancer. Inst., 18589, 22, 1003-1017). This medium is a serum-free, chemically
defined synthetic medium and has a content of choline chioride of 250 mg/L. This
medium is commercially available under the name Waymouth's Medium MB 752/1
{BioConcept and Sigma-Aldrich). Known applicability is limited to whole organ
culture, establishment of carcinoma cell lines from pleural sfiusions, and the

growth of potentially tumorigenic cells prior to their assessment in vivo.

WO 02/101018 discloses two medium compositions with relatively high content of
choline chioride, 101.72 mg/L. and 208.40 mg/L, respectively. These media were
used for studying the impact of glutamine and glwtamate for recombinant protein
production. However, both media still contained high amounts of glutamine.
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Only mited information is available from the prior art as far as the role of the
choline chioride content in cell culture media for polypeptide production is
concerned. US 8,048,728 briefly discusses the role of choline chioride content in
cell culture media for the production of biological products using hybridoma celis.
in the case of antibody expressing cells, secretion of maximum amounts of
antibody was observed in media containing a choline supplement of greater than 4
mg/L and preferably of approximately 4 to 75 mg/L, in combination with the other
reagents of the Primary Supplement. At these concentrations, choline is described
to be not limiting and being without apparent toxicity.

Production cell cuiture media, especially those designed for use in indusirial large
scale production of recombinant polypeptides requires increased amounts of
components, for instance amino acids.

However, highly concentrated cell culture media show limited solubility of selected
media components, Limited solubilily represenis a technical disadvantage
because highly concentrated media for large scale production bear the risk of
precipitation of individual components, for instance during the production phase
and especially during storage. This can lead to variations of the media composition
and to a deterioration of the cell culture conditions at the critical point of product
formation.

As a further consequence, pracipitation leads to the effective removal of precious
media components from the actual production process. Additional recycling
processes designed for overcoming such drawhacks are technically difficult to
realize and require further effort in terms of rescurces and time. Less concentrated
cell culture media, when equally effective in polypeptide production, would aliow
achieving significant cost reductions in industrial production processes,

Considering the above chalienges and existing disadvantages, there is a
continued need in the field of industrial biotechnology for improved culture media

which allow producing recombinant polypeptides at an industrial scale with even
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higher yields, i.e. improved specific and overall productivity, and increased product
quality. improved cell culture media are especially desirable for improvement of
productivity during production phase.

A spegific technical objective of poiypeptide production processes is o maintain
higher cell viabilities at the end of the production process in order o maximize the
final vield of polypeptide, in particular due to prolongation of the production time.
Moreover, reducing the aggregation of the formed recombinant polypeptide and
improved product quality particularly in terms of postiranslational modifications,
such as glycosylation paftern is also an important technical objective.

Finally, improved production media for large scale production of polypeptides are
desirable which contain reduced amounts of components while being eqgually
effective or even better in ferms of cell growth, polypeptide productivity,
recombinarnt polypeptide quality and polypeptide functionahty. '

{Summary of the Invention]

In order to address the technical challenges referred to above, the present
invention provides cell culfure media with high content of choline chloride, which
leads fo an unexpected improvement of cell specific productivity and cell viability,
especially at the later stages of biotechnological production processes. Further,
the quality of the recombinant product by use of the cell culture media can also be
surprisingly improved, The cell culture media according to the present invention
are especially suitable for use during production phase. Accordingly, the present
invention allows producing recombinant polypeptide from CHO celis.

The cell culture media can be used in particular as production medium in order to
achigve high cell growth, high viable cell densities and high polypeptide fiter during
production phase. it is also be found that the product quality in terms of less

aggregation andlor befter posttranslational modification, such as improved
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giycosylation pattern of the recombinant product, can be improved by use of the
cell culture media according to the present invention.

In the present invention, choline chloiide is preferably used. However, other
sources of choline, for instance choline hydroxide, choline fartrate/bitartrate,
choline sulphate, choline phosphate or any other choline compound based on the
use of a different counterion is also suitable for use in the cefl culture media
according to the present invention. If such other choline compounds are used,
their amount is preferably chosen so as to achieve the same molar choline
concentration as is achieved by using choline chioride in the concentration ranges
and values given above, i.e. the other choline salt is preferably present in a
conceniration equivalent to the concentration of the choline chigride as outlined.
This also holds true for the specific aspects and embodiments referred to below.

According to the first aspect of the present invention, a cell culture medium ié
provided with a content of choline chioride in the range of 80 mgfL to 2500 mg/t.
The choline chloride content in the cell culture medium may be 80 mg/L or higher,
alternatively 180 mg/L or higher, 200 mg/L or higher or 220 mg/L or higher. The
content of the choline chioride in the cell culture medium is limited to 2500 mgiL.,
alternatively 1000 mgfl., 840 mg/l., 500 mg/l. or 300 mg/l. Choline chioride may
be present at a concentration of about 240 mgfi..

The cell culture medium according to the first aspect of the invention further
comprises only a limited content of amino acids expressed by a fotal concentration
of amino acids of from 20 to 57 mmolL. Alternatively, the total amino acids
concentration is above 25 mmol/L, shove 30 mmoli/l., above 35 mmolll or even
above 40 mmol/L. Further, the fotal amino acids concentration can be below 54
mmolfL. The total amino acids concentration can for instance be about 51 mmol/L.

Further, the cell culture medium optionally comprises a reduced content of
glutamine. in particular, givtamine is present in a concentration of 500 fo
1430 mg/L, alternatively 800 to 1400 mg/L, or even 800 to 1200 myg/L.
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The content of aminoe acids in the cell culture medium according to the first aspect
of the invention can optionally comprise the following amino acids in the foliowing
concentrations expressed in mmolfi:

Arginine 4.0-6.0, preferably 45 -55
Asparagine 3.0 -6.0, preferably 4.0-5.5
Aspartic acid 2.5 - 4.0, preferably 3.0 - 3.6
Glycine 0.3 - 0.8, preferably 0.5 ~ 0.7
Histidine 0.6 ~ 1.0, preferably 0.7 ~ 0.9
isoleucing 2.0-5.0, preferably 3.0 - 4.0
Leucine 3.0-7.0, preferably 3.5~ 6.0
Lysine 2.0-40, preferably 25~ 3.5
Methionine 1.0 - 1.5, preferably 12 -~ 1.4

Phenylalanine

1.0~ 2.0, preferably 1.3 - 1.8

Proline 2.5 -86.0, preferably 3.0~ 558
Serine 3.0-8.0, preferably 4.0-7.0
Threonine 2.0~ 3.5, preferably 2.5 - 3.1
Trypiophane 0.4 - 1.0, preferably 0.5 - 0.8
Valine 2.5 5.0, preferably 3.0-4.5
Tyrosine 1.0 - 2.0, preferably 1.2~ 1.8
Cystine 0.5 - 1.0, preferably 0.6 - 0.8

The celf cufture media are preferably serum-free and protein-free. Preferably, they
are also free of protein hydrolysates.

According to a second aspect of the present invention a process for the production
of a recombinant polypeptide is provided comprising a production phase wherein
recombinant CHO cells are cultured in the cell culture media according to the first
aspect of the invention.

The recombinant polypeptide prepared is in particular a recombinant antibody.
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in the process of the invention, the cells are preferably cultured in a fed-batch
process,

[Brief Description of the Drawings]

In Fig. 1 to Fig. 8, the three media are low choline growth medium (¢ {diamond};
control 1), production medium (& {iriangle); control 2) and high choline growth
medium, i.e. low choline growth medium supplemented with an additional amount
of 200 mg/t choling chioride (& (square)).

Fig. 1 depicts the normalized viable cell densities of cells expressing mAb1
cultivated in shake flasks as a function of time in three different cell culture media
{Experiment 1}.

Fig. 2 depicts the viability of cells expressing mAb1 cuitivated in shake flasks as a
function of time in three different cell culfure media {Experiment 1).

Fig. 3 depicts the normalized polypeptide titer obtained after cultivation of cells
expressing mAbT in shake flasks as a function of time for three different media
{(Experiment 1).

Fig. 4 depicts the normalized visble cell densities of cells expressing mAb2
culiivated in shake flasks as & function of time in three different cell culture media
{Experiment 2).

Fig. 5 depicts the viability of cells expressing mAb2 cultivated in shake flasks as a
function of time in three different celt culture media (Experiment 2).

Fig. 8 depicts the normalized polypeptide titer obtained afier cultivation of cells
expressing mADZ in shake flasks as a function of time for three different media
(Experiment 2).
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Fig. 7 depicts the normalized viable cell densities of cells expressing mAb3
cultivated in shake flasks as a function of time in three different cell culture media
{Experiment 3).

Fig. 8 depicts the viability of cells expressing mAb3 cultivated in shake flasks as a
function of time in three different cell culture media (Experiment 3).

Fig. 9 depicts the normalized polypeptide titer obtained after cultivation of cells
expressing mAb3 in shake flasks as a funclion of time for three different media
(Experiment 3).

Fig. 10 depicts the aggregation rate of mAb3 produced after seven days of
cultivation in shake flasks. The aggregation rate is measured by size-exclusion
chromatography (SEC). Error bars are standard deviations of three biological
replicates.

Fig. 11 depicts the normalized viable cell densities of cells expressing mAb3
cuitivated in a fed-batch run in a bioreactor as function of time in three different cell
culture media (Experiment 4).

Fig. 12 depicts the viability of cells expressing mAb3 cuitivated in a fed-batch run
in a bicreactor as function of time in three different cell culture media (Experiment
4).

Fig. 13 depicts the normalized polypeptide titer obtained using cells expressing
mAb3 in a fed-batch run in a bioreactor as a function of time using three different
media {Experimenti 4},

Fig. 14 depicts the normalized mAb3 antibody titer obtained after 13 days of ¢ell
cuture using low choline growith medium supplemented with varying
concentrations of choline chioride.
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Fig. 15 depicts the viabilities of cells expressing mAb3 at day 13 of cell culture

using low choline growth medium supplemented with varying concentrations of
choline chioride.

Fig. 16 depicts normalized viable cell densities of cells expressing mAb3 starling
from day 3 (100%) o day 13 using low choline growth medium supplemented with
varying concentrations of choline chioride.

Fig. 17 depicts viabilities of cells expressing mAb3 starting from day 3 to day 13
using low choline growth medium supplemented with varying concentrations of
choline chioride.

Fig. 18 depicts the normalized development of mAb3 antibody titer starting from
day 3 to day 13 of cuftivation using low choline growth medium supplemented with
varying concentrations of choline chioride.

Fig. 19 depicts normalized viable cell densities of cells expressing mAb4 starting
from day O to day 17 using low choline growth medium supplemented with varying
concentrations of choline chioride.

Fig. 20 depicts viabilities of cells expressing mAb4 starting from day U to day 17
using low choline growth medium supplemented with varylng corncentrations of
choline chioride.

Fig. 21 depicts viabilities of cells expressing mAb4 at day 17 using low choline
growth medium supplemented with varying concentrations of choline chioride.

Fig. 22 depicts the normalized mADb4 antibody titer starting from day 7 to day 17
using low choline growth medium supplemented with varying concentrations of
choline chloride.
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Fig. 23 depicts the normalized mAb4 antibody concentration at day 17 using low

choline growth medium supplemented with varying concentrations of choline
chioride.

Fig. 24 depicts the normalized mean cell specific productivity (gP) of mAb4
expressing cells obiained within 17 days of cell culture using low choline chioride
growth medjum supplemented with varying concentfrations of choline chloride.

[Detailed Description of the Invention]

Conventional cell culture media that are used for cultivation of cells and the
subsequent production of polypeplides from these cell cultures only contain jow
amounts of choline chionde. Only very few cell culture media described in the prior
art contain moderate or even high amounts of choline chloride. However, those
media have not been systematically investigated in terms of the role high amounts
of choline chloride have on cell specific productivity, cell growth and product
guality, especiaily when used during production phase.

According to the present invention, there is observed an unexpected improvement
of the cell specific productivity {or polypeptide expression) when cultivating CHG
cells using cell culture media as production media comprising high amounts of
choline chioride as compared {o media with lower amounts of choline chloride. it is
demonstrated herein that even a growth medium when supplemented with high
amounis of choline chioride can be surprisingly used as an effective production
medium for cuitivation of CHO cells during production phase thereby obtaining
targe amounts of polypeptide, preferably polypeptide obtained by recombinant
polypeptide expression in celi cultures.

Although choline chlonide is preferably used according to the present invention,
other sources of choline, for instance choline hydroxide, choline tartrate/bitartrate,
choline sulphate, choline phosphate or every other choline compound based on
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the use of a different counterion is also equally suitable for use in the cell culture
media according to the present invention.

The use of the cell culture medium according to the present invention for
production of polypeptides generally involves the cudtivation of CHO cells for
recombinant expression of polypeptides. it is preferred that the cell culture medium
is used for large-scale production of polypeptides. Large-scale production of
polypeptides relates o the amounts typically required for the industrial production
of recombinant polypeptides used for preparation of therapeuticailly active
biopharmaceuticals. Cell culiures of at least 500 L volume, at least 1000 L, least

5000 L or even higher volumes typically represent large-scale production
applications.

The amount of choline chloride in the cell culture medium according the present
invention used for polypeptide production is significantly higher than the choline
chioride content known from previpusly used cell culture media used for the
polypeptide production at a large scale.

Accordingly, the present invention suitable for the production of a recombinant
polypeptide using CHO cells comprising high content of choline chloride, such as
80 mg/L or higher, 80 mg/L or higher, 160 mg/L. or higher, 260 mg/L or higher or
even 220 mg/l. or higher. The content of the choline chloride in the cell culture
medium is limited to 2500 mg/, 1000 mg/l, 840 mg/l, 500 mg/l. or even
300 my/l.. Choline chioride may be present at a concentration of about 240 mg/L.

The higher the choline chioride conceniration, the higher are the costs for the
medium. Thus, too high choline chloride concentrations are disadvantageous from
a cost perspective. Furthermore, the choline chloride content contributes to the
osmolality of the medium. Too high choline chloride concentrations may be
disadvantageous since they may lead, together with the other media components,
to a total osmclality which is higher than desired. In particular in fed baich
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processes i is not desirable fo use too high starting osmolalities as this may
impose limitations on the feedings strategy.

for the above reasons, the inventors believe that optimal choline chioride
concentrations are within the limits as set cut herein.

i choline compounds other than choline chioride are used, they are employed in
equivalent concentrations. Equivalent concentrations means that molar
concenirations of choline are achieved which are in the same ranges as achieved
when choline chloride is used at concenirations within the above ranges.

According to the first aspect of the present invention, the cell culture medium
comprises only a bmited content of amino acids expressed by the total
concentration of amino acids. More in particular, the cell cuiture medium according
to the first aspect of the invention is characterised by a iotal concentration of
aming acids of from 20 to 57 munol/l. The total amino acids concentration can be
above 25 mmolil, above 30 mmol/., above 35 mmol/L or even above 40 mmol/L.
Further, the total amino acids conceniration can be below 54 mmol/il. The total

amino acids concentration can for instance be about 51 mmolA..

At the same time, the choline chioride concentration is as stated above, Le. in the
range of 60 mg/l. to 2500 mg/L, with preferred ranges and values also as stated
above.

The cell culture medium according to the first aspect of the present invention can
be used in particular as production medium in order to achieve high cell growth,
high viable cell densities and high polypeptide titer during the production phase.
Further, higher product quality of the recombinant product is achieved, particularly
in terms of less aggregation and/or better postiransiational modifications, such as
improved giycosylation pattern.
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The role of the amino acid glutamine for growth of cell cultures and resulting
polypeptide productivity has been subject to extensive studies in recent years. It
has bsen found that glutamine is not only an importart building block for
polypeptide synthesis but also represents a primarty energy source for mammalian
cells. Accordingly, high concentrations of glutamine have been usually included in
cell culture media used for the polypeptide production. High amounts of glutamine

in celf culture media are important for cell growth and polypeptide expression,
patticularly at industrial scale.

Nevertheless, glutamine metabolism resuits in decomposition of glutamine and the
accumutation of ammonium ions, which is known as a by-product being toxic for
cell growth and polypeptide production. Therefore, it is desirable to fimit the
amount of glhutamine in cell cultures. Several glutamine replacement agenis have
heen suggested in the prior art, for instance glutamic acid. However, i has been
described that replacement of glutamine with glutamic acid in fed-batch processes
leads fo less by-product formation but also lower productivity (Doverskog et. al., [
Biotechnol., 1997, 58, 103-115). Therefore, cell culture media containing reduced
amounts of glutamine while still allowing high cell growth and polypeptide
productivity are desirable.

it has been found that the addition of high amounts of choline chloride allows for
the use of media comprising reduced amounts of glutamine as compared 1o some
known media, especially during production phase, while the productivity of the
cells remains largely unaffected.

Thus, in accerdance with the first aspect of the present invention there is provided
a cell culture medium further comprising an optional amount of glutamine which is
significantly reduced when compared to media from the prior art. The cell culture
media can be also free of glutamine replacement agents ke glutamic acid or the
like. The cell culture medium optionally comprises giufamine in a concentration of
500 to 1400 mg/L., 800 to 1400 mg/L, or 800 to 1200 mgfl.
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At the same time, the choline chioride concentration is as stated above, i.e. in the
range of 60 mg/l. to 2500 mg/L., with prefeired ranges and values also as stated
above. Further, the fotal concentration of amine acids in the cell sulture medium is

at the same time from 20 to 57 mmol/l, with preferred ranges and values also as
stated above.

According to another optional modification of the first aspect of the present
invention, the respective amounts of individual amino acids are as defined below.

Such moderate amounts of amino acids are still higher than the amounts of amino
acids contained in conventional cell culture media like BMEM or RPMI but at the
same time significantly jower than the amounts of amino acids contained in typical
praduction media used for large scale production.

Increased amounts of amino acids in production media are considered to be
important for high productivity and high product gualily, especially when the
polypeptide production is carried out at larger scale or even industrial scale. It has
now been found that the presence of high amounts of choline chloride aliows
fimiting the amounts of individual amino acids, especially in cell culture media used
during production phase.

The content of individual amino acids in the cell culture medium according to this
optional modification of the first aspect of the present invention comprises the

following amino acids in the following amounts expressed in rmmolfi:

Arginine 4.0 - 6.0, preferably 4.5~ 5.5
Asparagine 3.0~6.0, preferably 4.0 -55
Aspartic acid 2.5 4.0, preferably 3.0 -3.6
Giycine 0.3 - 0.8, preferably 0.5 ~ 0.7
Histidine 0.6 — 1.0, preferably 0.7 -~ 0.9
isoleucine 2.0-5.0, preferably 3.0-4.0

Leucine 3.0-7.0, preferably 3.5 -6.0
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Lysine 2.0-4.0, preferably 2.5~ 3.5
Methionine 1.0 1.5, preferably 1.2 ~ 1.4
Phenylalanine 1.0~ 2.0, preferably 1.3 1.8
Proline 2.5 ~86.0, preferably 3.0 - 5.5
Serine 3.0 - 8.0, preferably 4.0 - 7.0
Threonine 2.0 — 3.5, preferably 2.5 3.1
Tryptophane 0.4 — 1.0, preferably 0.5 - 0.8
Valine 2.5-5.0, preferably 3.0~4.5
Glutamine 8.0 ~ 10.0, preferably 7.5 - 8.0
Tyrosing 1.0 ~ 2.0, preferably 1.2 - 1.8
Cystine 0.5 - 1.0, preferably 0.6 - 0.8

At the same time, the choline chioride concentration is as stated above, i.e. in the
range of 80 mg/L to 2500 mgil, with preferred ranges and values also as stated
above. Further, the fotal concentration of amino acids in the cell culture medium is
at the same time from 20 to 57 mmol/L, with preferred ranges and values also 3s
stated above.

Due to the high content of choline chioride, the respective amounts of amino acids
can be significantly lower than the amounts used in other cell culture media used
for the large scale production of polypeptides. In other words, the addition of high
amounts of choline chioride allows significantly reducing the amount of most of the
amino acids without deterioration of cell growth, cell viability and polypeptide titer.
This has the technical advantage that cell culture media with lower concentration
of most of the included amino acids can be used thereby avoiding precipitation
problems for less soluble celf culture media components. Further, significant cost
reductions with respect to the cell culture media are achieved although the overall
quality and yield of pelypeptide product are not affected or could even be
improved. As described below, the aggregation of the recombinant polypeptide
product could be reduced by use of the cell culture media according to the present
inventicn, Additionally, better posttransistional modifications ike improved
glycosylation pattern or other protein quality atiributes like lower aggregation of the
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recombinant polypeptide have aiso been obtained. In some cases, modification of
the cell culfure media as disclosed by the present invention even helps to improve
the celi viability and celi growth as well as the resulting polypeptide titer.

The term “cell culture medium” refers to an aqueous solution of nutrients which
can be used for growing cells over a prolonged period of time. Typically, cell
culture media include the following components: A source of energy, which will be
usually a carbohydrate compound, preferably glucose, amino acids, preferably the
basic set of amino acids, including all essential and hon-essential amino acids,
vitaming and/ or other organic compounds which are requited at low
concentrations, free fatly acids, and inorgantc compounds including trace
elements, inorganic salts, buffering compounds and nucteosides and bases.

The term “growth medium” refers to a cell culiure medium which is normally used
during expansion phase of the overall production process. The expansion phase is
the first period of the overall cultivation/production process which is predominantly
characterized by high cell growth and less polypeptide production. The expansion
phase serves the purpose of expanding the cells, which means generating an
adeguate number of cells which are in the exponential growth phase to inoculate a
production bioreactor.

The term “production medium” refers to a cell culture medium which is normally
used during production phase of the overall production process. The production
phase is a second phase of the overall cultivation/production process which serves
the purpose of producing high amounts of product. During the production phase
the cells should be maintained in viable and productive moede as long as possible.

The use of celi culture media in the field of pharmaceutical industry, for instance
for the production of therapeutically active recombinant polypeptides, does
generally not aflow the use of any material of animat origin due to safety and
contamination issues. Therefore, the cell culture medium according to the present

invention is preferably a serum- and/or protein-free medium. The term “serum-
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andfor protein-free medium™ represenis a fully chemically defined medium,
containing no additives from animal source like tissue hydrolysates, fetal bovine
serum or the like. Further, proteins, especially growth factors like insulin,
transferrin or the like are also preferably not added to the cell culture according to
the present invention. Preferably, the cell culture medium according to the present
invention is also not supplemented with a hydrolysed protein source like soybean,
wheat or rice peptone orf yeast hydrolysate or the like.

The celf culture medium according to the present invention can be used in various
celf culiure processes. Cuitivation of cells can be carried out in adherent culture,
for instance in monolayer culiure or preferably in suspension culture.

Large scale cultivation of cells can be used for instance by the various
fermentation processes esiablished in industrial biotechnology. Discontinuous and
continuous cell cultire processes, like perfusion and chemostat, can be utilized
using the cell culfure media according to the present invention. Discontinuous
processes, including repeated fed-batch and repeated batch, are one preferred
embodiment.

The batch cell culfure includes fed-batch culture or simpie bafch cuiture. The term
“fed batch cell culture” refers to cell culture wherein cells and cell culiure medium
are supplied to the culturing vessel initially and additional culture nulrients are fed
continucusly or in discrete increments to the culture during the culturing process
with or without periodic cell andfor product harvest before termination of the
cufture, The term “simple batch culture” relates to a procedure in which all
components for celi culturing including the cells and the cell culture medium are
supplied to the culturing vessel at the start of the culturing process.

The cells cultivated in the cell culture medium according to the present invention
are CHO cells.
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The polypeptides that can be produced from the cell cultures and the cell culture
media according to the present invention are not limited. The polypeptides can be
recombinant or not recombinant. The term “polypeptide” as used herein
encompasses molecules composed of a chain of more than two amino acids
joined by peptide bonds; molecules containing twa or more such chains;
motecules comprising one of more such chains being additionally modified, e.g. by
glycosylation. The term polypeptide is intended 1o encompass proteins.

The preferred class of polypeptides produced by cell culiures and the celt culture
media according to the present invention are recombinant antibedies.

The term "antibody" is used in the broadest sense and specifically covers
monoclonal antibodies (including full length monocional antibodies), polyclonal
antibodies, multispecific antibodies (e.g., bispecific antibodies), nanobodies,
modified antibodies, subunils of antibodies, antibody derivalives, antificiat
antibodies, combinations of antibodies with proteins and antibody fragments
sufficiently long o display the desired biological activity. The monocional
antibodies as used herein may be human antibodies.

However, polypeptides other than antibodies can also be produced using cell
cultures and the cell culture media according fo the present invention, e.g.
polypeptides like transmembrane proteins, receptors, hormones, growth factors,
proteases, clotting and anti-clotting proteins, inhibitor proteins, interleukins,
transport factors, fusion proteins and the like. The cell culture medium can also be
used for the production of viruses.

The products obtained from such cell culture processes can be used for the
preparation of pharmaceutical preparations. The ferm “pharmaceutical
preparation” indicates a composition suitable ot adapted to for administration to a
maimmal, especially a human. In addition, the protein{(s) according to the invention
san be administered fogether with other components of biologically active agsnts
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such as pharmaceutically accepiable surfactants, recipients, carriers, diluents and
vehicles.

The presence of high amounts of choline chloride in the cell culture medium
according to the present invention allow the reduction of the content of amino
acids in the cell culture medium without negatively affecting the medium’s ability to
support growth of cells at high densities and enabling high polypeptide titer at the
same time. This effect is especially important for the production phase of the
overall production process.

Most of the experiments have even revealed that even beiter performance
parameters are achieved by the cell culture medium according fo the present
inventions when comparad to conventional production media comprising higher
concentrations of selected amino acids combined with only fow amounts of choline
chloride.

While not being bound fo a certain theory, it is assumed that the concentration of
the phospholipid precursor choline is linked to the amount of the essential cell
membrane component phosphatidylcholine, which is, besides other phospholipids,
necessary to preserve the integrity and the functionality of cell membranes. it may
be assumed that the cells growing in 2 medium with low choline content are limited
in this substrate during the cultivation process and thereby in phosphatidylcholine,
even if choling is a non-essential media component and the celis should be able to
synthesise it independently. However, an inactive or limited pathway could be the
reason that timited amounts of choline are available fo produce sufficient amounts
of phosphatidyicholine. This could lead in an “"abnormal” composition of
membranes, especially membranes of the endoplasmatic reticulum and of the
Golgi complex. This could negatively influence the function of these membranes
and reduce polypeptide expression rates or polypeptide transport within the cells.
Inhibition of the polypeptide transport from the Goigi compiex towards the plasma
membrane in phosphatidylcholine-depleted CHO celis was shown by Testerink et
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al. (2009; Journal of Lipid Research, Vol 50, 2182-2182). This defect could be
rescued by addition of exogenous phosphatidyicholine.

Several imporfant advaniages result from the specific composition of the cell
cuiture media according to the present invention,

First, the reduction of the folal content of amino acids in the cell culture media
according to the present invention allows performing the cell culture processes
with similar or even improved technical performance parameters in {erms of celf
growth, viabie cell densilies as well as polypeptide productivity, while, at the same
time the reduction of the total content of amino acids or of some selected aming
acids in the cell culture leads to a better overall economical balance of the
production process due to cost reduction as far as the cell culture medium is
cancerned.

Second, the cell culture media according to the present invention avoid the risk of
precipitation of components contained in the cell culture medium, in particular
hydrophobic amino acids contained in the medium at relstively high
concentrations. This is in particular advantageous during storage of media. For
these components reduced concentrations heilp to aveid deterioration of supply
with essential substrate during growth of the celis and production of polypeptide.
This is especially beneficial during the production phase of the overall production

process.

Third, the celi culture media according to the present invention aliow the
production of recombinant polypeptides with higher quality. The aggregation of the
formed poiypeptide is reduced, the cells are able {o produce polypeptide with
better postiransiational modifications and glycosylation patterns are also improved.

Aggregation of the formed polypeptide during recombinant expression is &
technical preblem that leads fo reduced product vields, Moreover, aggregation
makes it more difficult to purify the functionally active poilypeptide product.
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Therefore, it is desirable to reduce aggregation of the formed polypeptide product
as much as possible during the actual production process, It has been found that
the cell culture media according to the present invention leads to reduced

aggregation of recombinant polypeptide product when compared {o typical
production media,

Many polypeptides are subject to postiransiational modification, especially
polypeptide glycosylation. The resulting polypeptides comprise covalently linked
oligosaccharide chains. Glycosylation is known &s an important mediator of
polypeptide functionality. Therefore, the ability of a host cell system used for
recombinant polypeptide production to properly mimic endogenous glycosylation
structures is an important aspect of product quality. Therapeutic efficiency of a
recambinant polypeptide can be strongly affected by improper polypeptide
givoosylation due to immunogenic properties and reduced half-life /n vivo after
administration of incorrectly glycosylated polypeptides.

Generally mannosylation is considered a critical aspect in recombinant polypeptide
production, especially in the field of recombinant antibedies. It is a general
objective in recombinant polypeptide production to avoid high mannosylation of
polypeptides, 1t is therefore an important objective 1o reduce high mannosylation

during production of recombinant polypeptides as much as possible.

The cell culture media according to the present invention allow producing
recombinant polypeptides with very low degree of high mannosylaticn. This
technical effect is especially significant with respect to typical production media.
For instance, the relative amount of high mannosylated recombinant polypeptide
with high mannosytation of total amount of recombinant polypeptide obtained from
expression using the cell culfure media according to the present invention is
preferably lowered by about 50 % compared to the production medium.

Further, it has been surprisingly found that recombinant polypeplides ubtained by
using the cell culfure media according fo the present invention have higher
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percentages of R-galactosylation relative to the corresponding polypeptides
obtained by using conventional growth media or production media .

A further advaniage of the medium with high choline concentrations is that it
aliows to have only one medium for production and expansion phase, saving time
and resources.

Examples

The following experiments are intended 1o further ilustrate the invention as defined
in this application.

Description of the cell culfure media

The three following media are tested:

Low choline growth medium, Le. with a content of choling chioride of 40 mg/l
{contral 1);

Production medium {control 2);

High choline growth medium, i.e. low choline growth medium supplemented with
an additional amount of choline chioride of 200 ma/L resulting in a total content of
choline chioride of 240 mg/L.

The first twe media (fow choline growth and production medium) are used for
comparative purposes only, while the third medium with high content of choline
chioride represents a medium according to the present invention.

The low choline growth medium is a typical medium designed for growth and
profiferation of a cell culture. This medium allows cultivating ceils until high
densities of cells are reached, which is an imporiant requirement for large-scale
nolypeptide production. However, the low choline growth medium is not designed
for polypeptide production from cell culture because the content of many amino
acids is fow fo moderate considering the total concentration of amino acids in the
mediurn of 51.1 mmol/L.
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The amino acid composition of the low choline growth medium is as follows:

Aring acid { mg per | medium | Conc (mmoliL)

L-arginine, MCl 1063 5.0
L-aspargine monochydrate 816 4.1
L-aspartic acid 461 3.5
Glycine 38 0.5
L-histidine HCI Hp0 168 0.8
L-isoleucine 304 3.0
L-leucine 500 3.8
L-lysine HCI 822 3.4
L-methionine 180 1.2
L-phenylalanine 284 1.8
L-proline 368 3.2
L-serine 432 4.4
L-threonine 334 2.8
L-tryptophan 102 0.5
L-valine 3751 3.2
[ gittamine 7770 5.0
L-{yrosine 278%) 1.5
L-cystine 200%) 0.8
Total Content 51.0

*} L-tyresine and L-cystine are added to the low choline growth medium using a
stock solution in order to achieve the above indicated concentrations of tyrosine
and cysting.

in confrast to the low choline growth medium, the second medium {production
medium) is a medium useful for large scale polypeptide production using cell

cuftures. This production medium contains higher amounts of most of the amino
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acids (the tofal concentration of amino acids in the medium is 80.50 mmol/L) when
compared to the low cheline growth medium although the amounis of other
components are basically identical.

The amino acid composition of the production medium used is as follows:

Amino acid mg per | medium | Conc {(mmol/L}

L~arginine, HCI 1053 5.0
L-gspargine monohydrate 1501 10.0
{.~aspartic acid 461 3.5
Glycine 38 0.5
L-histidine HCI HpO 268 1.3
L-isoleucine 894 6.8
L-leucine 1200 8.2
L-lysine MC] 822 4.5
L -methionine 280 1.9
L-phenylalanine 464 2.8
L-profine a88 8.4
L-serine 1232 1.7
L-threonine 534 4.5
L-tryptophan 252 1.2
|-valing 776 6.6
L-glutamine 1169 8.0
L-glutamic acid Na-salt hydrate 182 1.2
L-tyrosine 423%) 2.3
L-cystine 305%) 1.3
Total Content 90.7

The content of choline chioride In this comparative production medium & also
significantly higher than in the low choline growth medium. it is important fo note
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that known production media from the prior art usually contain much lower
amounis of choline chioride. Therefore, the high content of choline chloride in the
comparative production medium must be considered as an important difference to
known production media from the prior art, which normally do not differ from
known growth media in their content of choline chioride.

The third medium is a medium according to the present invention represented by
the high choline growth medium, L.e. the low choline growth medium supplemented
with 200 mg/l choline chioride resulting in an overall content of choline chloride of
240 mgl/l. With the exception of the higher content of choline chioride, the third
medium according to the present invention could be stili considered as a typical
growth medium.

The examples demonsirate the marked improvement achievaed by high amounts of
choline chloride in Qromh media like the low choline growth medium when used
during production phase, rendering such growth media with high content of choline
chioride not only vastly superior to low choline chioride-supplemented media in
terms of cell growth, cell viability and polypeptide fiter, bul even superior to
production media with equally high amounts of choline chioride in the same
aspects. The addition of higher amounts of choline chloride heips 1o achieve betler

cell growth and viability and improved polypeptide titer in normal growth media.

Experimenial sefup

For the experiments a parental CHO cell line is used which is detived from the dhfr
(+) CHO-K1 cell line ATCC CCL-61 (Kao et. al., Genetics, 1967, 55, 513-524; Kao
e, al, PNAS, 1868, 60, 1275-1281,; Puck et. al,, J. Exp. Med., 1858, 108, 845~
859) by adaptation to serum-free, protein-free media conditions. Three aliquots of
this parental cell line are transfected to express three different monocional
antibodies mAb1, mAb2, mAb3, respectively.

Shake flask experiments (Experiments 110 3)
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All nine shake Wasks (three for each experiment) are run under the same
conditions, except for the medium. The conditions involve a fed-batch cuiture with
two daily bolus feeds starling at days 3 and § with a feeding rate of 2 and 0.4% of
the initial culture volume per day; a temperature shift from 368.5°C fo 33°C at day 5;
10% COx in the incubater; a shaking rate of 150 rpm (stroke radius = 25mm). The
cell growth / viability of the cells as well as the resulting titer of recombinant
antibody expressed are determined.

g} Experiment 1

Fig, 1 and 2 show the resulis obtained for the cells expressing mAb1 cultivated in
Experiment 1 in terms of cell growth and viability,

As Hlustrated in Fig. 1 and 2, the inventive mediur with high content of choline
chioride (the high choline growth medium) shows a 53% increase in the maximum
viable cell density and a slower decline of the viabiiity when compared fo the low
choline growth medium having low content of choline chioride.

Fig. 3 shows the results obtained for the cells cultivated in Experiment 1 in terms
of polypeptide iiter.

As Hlustrated by Fig. 3, the polypeptide titer of recombinant antibody obtained in
the inventive medium with high content of choline chioride (the high choline growth
medium) shows an increase in polypeptide titer of 330 % at day 13 compared 1o
the low choline growth medium, which has only low content of choline chioride and
represents a fypical growth medium only.

Fig. 3 aiso reveals that the inventive medium with high content of choline chioride
even allows achieving a polypeptide tifer that is slightly higher than the titer
obtained from the production medium.
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b} Experiment 2

Fig. 4 and 5 show the results obtained for the cells expressing mAb2 cultivated in
Experiment 2 in terms of cell growth and viability

As illustrated by Fig. 4 and 8§, the inventive medium with high content of choline
chioride {the high choline growth medium) has only small influence on cell growth
but gives significantly higher viabilities at the end of the process when compared
with the low choline growth medium, which has only low content of choline
chioride.

Fig. 6 shows the resulis obiained for the cells cuifivated in Experiment 2 In terms
of poiypeptide fiter.

Fig. 6 reveals a 85% increase of polypeptide titer at day 11 for the cell culture
medium according to the present invention when compared to the low choline
growth medium. Further, the polypeptide titer obiained in the cell culture medium
according to the present invention is even higher when compared with the
polypeptide titer obtained in the production medium having equally high content of
choling chioride.

¢) Experiment 3

Fig. 7 and 8 show the results obtained for the celis expressing mAb3 cultivated in
Experiment 3 in terms of cell growth and viability.

As illustrated by Fig. 7 and 8, higher cell viabilities at the end of the cultivation
process are obtained with the medium according to the present invention when
compared with the comparative cell culture medium (the low choline growth
mediurm) comprising only Jow amounts of choline chioride.
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Fig. 9 shows the results obtained for the cells cultivated in Experiment 3 in terms
of polypeptide titer,

Fig. 9 reveals that the polypeptide titer obtained in the cefl culture medium
according to the present invention is increased by 145% at day 11 when compared
o the comparative madium, the fow choline growth medium. The polypeptide titer
for the cell culture medium according to the present invention is even slightly

higher than the titer obtained by using the production medium with high content of
choline chloride.

it has been further experimentally confirmed that the use of higher concentrations
of choline chioride in the production medium did not result in improved cell growth
or polypeptide titer when compared fo the use of the production medium having
the standard amount of choline chioride of 240 mgiL.

The following additional experiments are carried out in order to determine the
influence of cell culture medium on polypeptide product quakty. in particular,
product is analysed in order to determine the influence of the media on
aggregation and on glycosylation.

Fig. 10 shows the percent aggregation rate of recombinant antibody product,
relative to the fotal amount of recombinant antibody. The aggregation rate in the
cell cuiture medium according to the present invention is reduced by more than
30% relative fo the production medium.

The expression of mAb3J in different cell culture media followed by analysis of the
giycosylation pattern of the recombinant antibodies shows that the growth medium
according to the present invention with a high content of choline chioride leads to a
recombinant antibody with a low tolal amount of recombinant product comprising
high mannosylation, which represenis an unwanted glycosylation pattern. Using a
medium according to the invention leads to a reduction of more than 55 % in terms
of high mannosyiation compared fo using the production medium.
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Bioreacior Fed-batch runs {(Experiment 4)

The following experiment is the fed-batch run in the bioreactor. it coresponds to
the above Experiment 3. Cells expressing mAb3 were used. The conditions are as
follows: 2L starting volume; continuous feeding of two different feeding solutions
starting day 3 and 5 with a feeding rate 2 and 0.4% of the initial culture volume per
day, a temperature shift from 36.5°C to 33°C at day 5 p09s=30%,; pH=69

{deadband 0.1); controlfed with CO, and 0.5M NaOQOH; agitation rate=300 rpm.

Fig. 11 and 12 show the results obtained for viable cell density and viability
percentage of cells in Experiment 4 carried out a3s fed-batch run in 2 bioreactor.

Regarding the cell growth and viability of the cells the results from the fed-batch
run in the bioreactor are consistent with the resulis obtained in the shake flask
experiments. That is, the fed-batch run in the bioreactor basically confirms the
results obtained in the shake flask experiments.

Like in the shake flask experiment peak viable cell densities achieved in
production medium were slightly higher compared to the inventive cell culture
medium (the high choline growth medium) with high content of choline chioride.
However, the percentage of viability stays at a significantly higher level when the
inventive cell culture medium, i.e. the medium supplemenied with high content of
choline chioride is used compared fo the non-supplemented growth medium
having only low content of choline chioride.

Fig. 13 shows the results obtained for polypeptide titer in Experiment 4 carried out
as fed-batch run in a bloreactor.



WO 2011/134921 PCT/EP2011/036509
32

The polypeptide titer measured at day 11 for the inventive cell culiure medium with
high content of choline chloride is increased by 170% when compared with the

comparative growth medium having only low amounts of choling chloride.

While the polypeptide titer obtained for inventive celt culfure medium with high
content of choline chioride is even superior fo the polypeptide titer oblained by
using for comparative purposes the production medium in the shake flask
experiments, the experiment in the fed-baich run in the bioreactor reveals a
slightly lower polypeptide titer in the inventive cell culture medium with high
content of choline chioride when compared with the production medium.
Nonetheless, the polypeptide titer obtained in the bioreactor by using the inventive
cell culture medium with high content of choline chloride is very high and still at a
comparable level with the polypeplide titer obtained by using for comparative
purposes the production medium.

Experiment 4 in the bioreactor further confinms that the inventive cell cufture
medium with high content of choline chioride represents a suitable alternative fo
conventional production media by allowing achieving comparable polypeptide
titers while the total amournt of amino acids or the amounts of selected amino acids
can be significantly reduced in the respective cell culture medium.

Experiment 4 in the bioreactor also proves one more time that the increase of the
content of choline chloride in a typical growth medium helps to achieve a
fremendous increase of polypeptide fiter when using the growth medium for the
production of polypeptides.

Addition of different concentrations of choline chioride to growth medium

in a further set of experiments, choline chioride is added in various concentrations
(40: BO; 120; 160; 200; 240; 500; 840; 1000; 3000 und 5000 mg/l in total) to
powder growth medium. The media thus obtained are used for producing mAb3
and mAb4, respectively, generally as outlined above.
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Nomalized antibody concentrations, normalized viable cell densities, and
viabifities, for mAb3 and in addition for mAb4 the normalized cell specific
productivity for the whole duration of the cultivation {13 resp. 17 days) are further
depicted in Fig. 14 to Fig. 24.

As can be seen from these data, the lowest values in terms of viability and
antibody concentration after 13 or 17 days in culture are achieved in growth
medium with 40 mg/l of choline chloride in total. Concentrations of 3000 mg/! and
more do not negatively affect the viability of the cells, but as the cells do not grow
in those media, the antibody concentration stays below 1. Viabiiities are higher for
all choline concentrations higher than 40 mg/l. There seems 10 be a concentration
depending effect of choline chioride on viability. Higher choline chioride
concentrations in the medium resulted in a higher viability at the end of the
cutltivation. ’
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

A process for the production of a recombinant polypeptide comprising a
production phase wherein recombinant CHO cells are cultured in a cell
culture medium and the recombinant polypeptide is expressed, wherein the
cell culture medium is serum-free and protein-free comprising

60 to 2500 mg/L of choline chloride or an equivalent amount of another
choline salt and having a total concentration of amino acids of

20 to 57 mmol/L.

The process according to claim 1 wherein the recombinant polypeptide is a
recombinant antibody.

The process according to claim 1 or 2 wherein the cells are cultured in a fed-

batch process.

The process according to any one of claims 1 to 3, wherein the cell
culfure medium comprises 80 to 1000 mg/L of choline chloride or an

equivalent amount of another choline salt.

The process according to any one of claims 1 to 4, wherein the cell

culture medium has a total concentration of amino acids of 35 to 54 mmol/L.

The process according to any one of claims 1 to 5, wherein the cell

culture medium contains glutamine in a concentration of 500 to 1400 mg/L.

The process according to any one of claims 1 to 6, wherein the content of

glutamine in the cell culture medium is in an amount of 900 to 1200 mg/L.
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8. The process according to any one of claims 1 to 7, wherein the cell
culture medium of claim 6 or 7 comprises the following amino acids in the

following concentrations, expressed in mmol/L:

Arginine 40-6.0
Asparagine 3.0-6.0
Aspartic acid 25-40
Glycine 03-0.8
Histidine 0.6-1.0
Isoleucine 20-50
Leucine 30-7.0
Lysine 20-40
Methionine 1.0-15
Phenylalanine 1.0-2.0
Proline 2.5-6.0
Serine 3.0-80
Threonine 20-35
Tryptophane 0.4-1.0
Valine 25-5.0
Tyrosine 1.0-2.0

Cystine 05-1.0



